When t=3.4, the cell boundary between cells D and E is inclined to the right with respect to the vertical (AP) axis, so that boundary has a strong contraction force and shrinks. This shrinkage of the boundary 1-2 leads to the cell configuration shown at t=4.8, at which vertices 1 and 2 are so close to each other that it undergoes junction remodeling (T1 transition). This junction remodeling deletes the boundary between cells D and E and creates a new boundary between cells B and C, cell boundary 1'-2'. The direction of cell boundary 1'-2' is inclined to the left, and this cell boundary has a relatively weak contraction force to expand. These successive dynamics of cell boundaries lead to the continuous shear movement of epithelial cells. Note that this movement is achieved only by the property of each cell to try to shrink its cell boundaries on the upper left and lower right and to expand those on the upper right and lower left. Figure 9 : Preparation of the initial configuration for the numerical simulation based on vertex dynamics associated with circular boundaries. Procedure for setting the initial condition in our numerical simulation for the 2-dimensional ring. The initial condition is given by the time = −10 to = 0, and obeys the equation of motion without anisotropic tension. We assumed a regular hexagonal grid of vertices at = −10.
Supplementary

Supplementary Note 1
The vertex model: A mathematical model that describes the dynamics of epithelial sheets
To theoretically investigate the unidirectional motion of the epithelial sheet, we used a vertex model [1] [2] [3] [4] [5] , in which important characteristic features of epithelial cells, such as PCP, cell intercalation, and their dynamics are described. We extended this model to describe the situations we are concerned with, i.e., the case in which cells in the sheet have LR asymmetric planar polarity and the epithelial sheet under consideration is confined by other types of epithelial sheets. The model assumes that each vertex bears forces arising from various elements in the epithelial cells, such as adherens junctions. These forces are represented by a potential U (whose explicit form is given below). The vertex also bears a frictional force that is proportional to the velocity of the vertex, which expresses the difficulty of the motion of each vertex and hence junction remodeling progression. Time evolutions of the positions of the vertices are given by
Supplementary Note 2 Brief review of the conventional vertex model
where ! = ! , ! is the position vector of the i -th vertex. Equation [1] expresses the balance of the frictional force − ! ! !" ! and potential forces −∇ ! ( ! , ). Here, µ i is the friction coefficient. In our model, µ i is allowed to depend on the vertex index i , which is based on the assumption that the rate of change of the length of cell boundaries may depend on the cell type. The potential energy U that is derived from the forces acting on the vertices except for the friction forces is given as a function of time and the positions of all the vertices, 
In our model, the potential U consists of four parts:
Each part is explained in order below.
U area is the potential energy from the cell area change, given by
where p 0 is the area elastic coefficient, which has the dimensions of pressure, n A is the area of the n -th cell, and 0
A is the preferred area. This potential energy represents the pressure acting on the cell boundaries. The symbol "cell n " under the summation indicates that the index n runs from 1 to the total cell number . perimeter U is the potential energy from the cell perimeter change, given by
where 0 k is the positive coefficient, n L is the perimeter of the n -th cell, and 0 L is the preferred perimeter. This term reflects the fact that the apical area of epithelial cells is surrounded by actomyosin cables at adherens junctions, and bears a tensile force from the cables.
This force tends to keep the cell shape round when 0 L is smaller than 4 ! . bond U is the potential energy from the change in edge length, given by
where ij l is the length of the edge connecting the -and -th vertices, given by The vertex model allows a junction remodeling process whose rules are given as 4 : When an edge length ij l becomes shorter than a given length min l , the edge is rotated by 90 degrees about the midpoint of the edge, and the connection rule of the vertices related to the edge are rearranged such that the T1 transition is achieved ( Supplementary Figure 6b) .
Supplementary Note 3 Our model
Our observations showed that Myo-II levels depend on the direction of the cell boundaries. This 
with random constant frequencies f ij ∈ [0,1] and random initial phases !" ∈ [0,2 ) for each cell boundary ij ( Supplementary Figure 6d) . Note that when
In our model, we must explicitly consider the boundaries of the epithelial sheet, because the tergite A8 we are concerned with is flanked by other segments, A7 and A9, whose properties are different from that of A8. The A7 segment does not move during genitalia rotation, so we consider A7 as a fixed object in space. Since A9 moves during the rotation, we regard the whole A9 as a solid disk that can move with a frictional force. Since the cells at the edges of A8 attach to these objects, the movement of these cells is constrained. This effect is expressed in terms of the potential ( ) i boundary U , which holds the -th vertex on the edge of the sheet. The explicit form of ( ) i boundary U reflects the shape of the sheet boundaries, so after the boundary shape is given, we can provide the explicit forms (see next section). The total potential representing the constraint of movement is formally written as 
Supplementary Note 4 Two boundary cases in our model
(1) Flat boundary case
To examine whether or not the whole epithelial sheet undergoes unidirectional motion, we consider the simplest case, a flat system shown in Figure 5a We examine the following two cases. 
